ABSTRACT. The composition of the intestinal microbiota is related to the health and immune function of the host. Administration of antibiotics affects the composition of the intestinal microbiota. However, the effects of immune function on the composition of the intestinal microbiota are still unclear. In this study, we investigated the lymphocyte composition and determined the relationships between lymphocyte function and the intestinal microbiota following antibiotic treatment in mice. To change the composition of the intestinal microbiota, mice were treated with or without antibiotics. Analysis of intestinal microbiota was performed by metagenomic analysis targeting 16S rRNA. Lymphocyte subsets of splenocytes were measured by flow cytometry. For functional analysis of T cells, splenocytes were stimulated with concanavalin (Con A), and cytokine gene expression was measured by real-time polymerase chain reaction. Firmicutes were predominant in the control group, whereas Bacteroidetes predominated in the antibiotic-treated group, as determined by metagenomic analysis. The diversity of the microbiota decreased in the antibiotic-treated group. Analysis of lymphocyte subsets showed that CD3 + cells decreased, whereas CD19 + cells increased in the antibiotic-treated group. All cytokine genes in splenocytes treated with Con A were downregulated in the antibiotic-treated group; in particular, genes encoding interferon-γ, interleukin (IL)-6, and IL-13 significantly decreased. Taken together, these results revealed that changes in the composition of the intestinal microbiota by antibiotic treatment influenced the population of lymphocytes in splenocytes and affected the immune response.
doi: 10.1292/jvms. until the experiment. On the basis of previously reported findings, antibiotic treatment was mixed with three types (penicillin, streptomycin and kanamycin) to widely act on various bacteria to the intestinal microbiota for changing composition [16, 24, 26] . Mice were then divided into two groups with similar body weights. Mice in the antibiotic-treated group were given a regimen of penicillin (1,000 U/ml; Meiji Seika, Tokyo, Japan), kanamycin (1 mg/ml; Meiji Seika), and streptomycin (1 mg/ml; Meiji Seika) was used for the experiment for 1 week with free access to drinking water. Subsequently, the mice were maintained with sterile water and feed during the experimental period. Control mice were also maintained with sterile water and feed during the experiment. Rectal feces, mesenteric lymph nodes (MLN), peyer's patches (PP) and spleens were collected at 1 week after antibiotic administration. The feces were examined by culturing to determine the colony forming units (CFU), and then subjected to metagenomic analysis. Mononuclear cells were isolated from the spleen, and used for flow cytometry analysis and mitogen stimulation for immune analysis. All experiments were performed according to the Animal Care and Use Committee Control Guidelines for the Ethics of Animal Experiments of Rakuno Gakuen University, and mice were treated according to the Laboratory Animal Control Guidelines of Rakuno Gakuen University (approval numbers: VH21A28 and VH14A3).
Intestinal microbiota analysis
DNA was extracted from fecal samples using a QIAamp DNA Mini kit (Qiagen, Tokyo, Japan). Each library was prepared according to "Illumina 16S Metagenomic Sequencing Library Preparation Guide" with a primer set (27Fmod: 5ʹ-AGR GTT TGA TCM TGG CTC AG-3ʹ and 338R: 5ʹ-TGC TGC CTC CCG TAG GAG T-3ʹ) targeting the V1-V2 region of the 16S rRNA gene. 250 bp paired end sequencing of the amplicon was performed on a MiSeq (Illumina) using MiSeq v2 500 cycle kit. The resulting sequences were analyzed using the QIIME pipeline [10] .
For determination of CFU in fecal samples, fecal samples were diluted with a buffer that consisted of 0.45 g KH 2 PO 4 (Kishida Chemical, Osaka, Japan), 1.68 g Na 2 HPO 4 •12H 2 O (Kanto Chemical, Tokyo, Japan), 0.05 g ʟ-cysteine HCl•H 2 O, 0.05 g Tween ® 80, and 0.1 g agar in 100 ml distilled water. Samples were subjected to serial 10-fold (w/v) dilutions with dilution buffer and vortexed. In order to calculate the total number of bacteria, 50 µl of the diluted sample was applied to GAM agar medium (Nissui Pharmaceutical, Tokyo, Japan) and cultured for 48 hr under anaerobic environment. Finally, the number of colonies was counted, and the log CFU/g was calculated.
Flow cytometry analysis
To monitor lymphocyte subsets in splenocytes from each group of mice, the separated cells were incubated with rat anti-mouse CD4-fluorescein isothiocyanate (FITC) monoclonal antibodies and rat anti-mouse CD8a/Lyt-2-phycoerythrin (PE), hamster antimouse CD3ε-PE or FITC-conjugated rat anti-mouse CD19 antibodies (Beckman Coulter, Brea, CA, U.S.A.) for 30 min at room temperature (23 ± 3°C). The cells were then washed with phosphate-buffered saline (PBS) twice, treated with 0.5% formalin-PBS, and used for flow cytometry analysis (Beckman Coulter).
Cytokine gene expression
Changes in cytokine gene expression (IL-4, IL-6, IL-10, IL-12, IL-13, IL-17, IFN-r, TGF-b) in Mesenteric lymph nodes (MLN) and Peyer's patches (PP) of lymphoid organs were examined in the mice groups with different intestinal microbiota. Splenocytes (2 × 10 5 ) were stimulated with concanavalin A (Con A; 3 µg/ml) for 5 hr to analyze the cytokine response of T cells. Lymphocytes were isolated from MLN and PP from each mice group. RNA was extracted from the collected cells using an RNeasy Mini kit (Qiagen, Japan), and cDNA was then synthesized using a First Standard cDNA Synthesis kit (Roche, Basel, Switzerland). Quantitative PCR (qPCR) was carried out using a Light Cycler 2.0 (Roche), and the genes were detected with a QuantiTect SYBR Green Kit (Qiagen, Hilden, Germany). The amplification conditions consisted of 45 cycles of 94°C for 15 sec, 60°C for 30 sec, and 72°C for 15 sec. The following primers were used for quantification of cytokine gene expression: interferon (IFN)-γ, sense 5′-TGAAAGCCTAGAAAGTCTGAATAA-3′, antisense 5′-GTTGTTGCTGATGGCCTGAT-3′, interleukin (IL)-6, sense 5′-CAGAGGATACCACTCCCAACA-3′, antisense 5′-TGAATTGCCATTGCACAACT-3′, IL-13, sense 5′-CCAGGGCTACACAGAAGTGC-3′, transforming growth factor (TGF)-β, sense 5′-AGCCCTGTATTCCGTCTCCT-3′, antisense 5′-CAATTCCTGGCGTTACCTTG-3′ and glyceraldehyde 3-phosphate dehydrogenase (GAPDH), sense 5′-CGTGAGTGGAGTCATACTGAT-3′, antisense 5′-AACGGATTTGGCCGTATTG-3′. IL-4, IL-12, IL-17 and IL-10 primers in RT2 qPCR Primer Assays were purchased from Qiagen (Germany).
Statistical analysis
Statistical analysis was performed using SPSS version 11.5 (SPSS Inc., Chicago, IL, U.S.A.). Significant differences in relative abundance and colonies counts in flora between the antibiotic-treated and control groups were calculated using Student's t-test. For the principal component analysis (PCA) of intestinal microbiota, R software (ver. 3.4.0) was used.
RESULTS

Analysis of intestinal microflora by metagenomic analysis
The number of leads of classifiable 16S rRNA genes was 14,229 ± 2,634 (mean ± standard error [SE] were predominant (Fig. 1A and 1B ). Actinobacteria and Proteobacteria were detected in the control group (Actinobacteria RA: 0.5 ± 0.2%, Proteobacteria RA: 1.4 ± 1.0%). In the antibiotic-treated group, Proteobacteria was present at very low abundance (RA: 0.1 ± 0.1%), and Actinobacteria was not detected (Fig. 1C and 1D) .
At the family level, fewer detectable strains were found in the antibiotic-treated group than in the control group (Table 1) . PCA of the metagenomic analysis between both mouse groups showed similarities in each group, although the two groups formed separate clusters ( Fig. 2A) . In addition, the total number of bacteria identified by the culture method did not differ between groups (control group: 9.3 ± 0.1 log CFU/g; antibiotic-treated group: 9.1 ± 0.3 log CFU/g; Fig. 2B ).
Cytokine gene expressions in MLN and PP
Changes in 8 kinds of cytokine gene expression in MLN and PP near the intestinal tract were examined in mice groups with different intestinal microbiome. As a result, all measured cytokine gene expression decreased. In particular, TGF-β expression in MLN and IL-6 expression in PP were significantly decreased in the antibiotic treated group (Fig. 3; P<0.05 ).
Lymphocyte subsets in splenocytes
In a comparison of lymphocyte subsets, a significant decrease in CD3 + cells was observed in the antibiotic-treated group (control group: 42.1%, antibiotic-treated group: 28.9%; Fig. 4C; P<0.05) . Compared with the control group, the antibiotic-treated group showed significant decreases in CD4 + cells (control group: 25.4%, antibiotic-treated group: 16.1%) and CD8 + cells (control group: 16.7%, antibiotic-treated group: 10.4%) compared with the control group ( Fig. 4A and 4B; P<0.05) . In antibiotic-treated group, the ratio of CD4 + and CD8 + positive cells in CD3 + cells decreased about 5% from the control mice level (CD3 + CD4 + : CN 60.0 ± 2.4, ABT 55.8 ± 2.0 (Ave. ± SE), CD3 + CD8 + : CN 40.0 ± 4.3, ABT 35.3 ± 0.5). The population of CD19 + cells was significantly higher in the antibiotic-treated group, and the ratio was higher than the CD3 + cell ratio exceeding 60% on average (control group: 44.9%, antibiotic-treated group: 64.1%; Fig. 4D ; P<0.01).
Cytokine response to Con A stimulation in splenocytes
In the cytokine response to Con A stimulation of splenocytes, the antibiotic-treated group showed decreased expression of all measured cytokine genes compared with those in the control group. Notably, the expression of cytokine genes in the antibiotictreated group was reduced to approximately one-tenth of that in the control group (IFN-γ: 1 to 0.07, IL-6: 1 to 0.16, IL-13: 1 to 0.03; Fig. 5; P<0.05 ).
DISCUSSION
The intestinal flora is strongly related to the immune function of the host [13, 19] . In the present study, we investigated a mouse model in which the intestinal microbiota was changed by combined antibiotic treatment. The composition of intestinal microbiota of these mice was revealed by metagenomic analysis, which confirmed changes in dominant bacteria at the phylum level and changes in clusters. In the untreated control group, Firmicutes was predominant, whereas Bacteroidetes became dominant in the antibiotic-treated group. At the family level, the diversity of intestinal flora was reduced by antibiotic treatment. PCA showed that different clusters were formed for each group and that the microflora organization differed. Analysis of the total number of bacteria, as determined by the culture method, revealed that there were no differences between groups. Thus, our findings demonstrated that antibiotic treatment resulted in a compositional change in the intestinal microbiota accompanied by a decrease in diversity without affecting the total intestinal bacterial count. The prevalence of allergic diseases is related to the composition of the intestinal flora [7, 22, 27] . In addition, decreased diversity in the intestinal microbiota is correlated with the development of allergic diseases [21, 25] . In this present study, there was a significant decrease in CD3 + cells and a significant increase in CD19 + cells in mice treated with antibiotics. The results showed that T cells (CD3 + , CD4 + and CD8 + cells) in splenocytes decreased when the diversity of the bacterial species was reduced, e.g., when Bacteroidetes became dominant in the intestinal microbiota following antibiotic treatment. Cytokine gene expression in MLN and PP of lymphoid organs near the intestinal tract was decreased in mice group with different intestinal flora. This result is presumed to be the result of some influence of the change in the composition of the intestinal flora caused by antibiotic administration. Emekciu et al., also reports that antibiotic administration affects lymphocyte subsets [9] , but the results are somewhat different from this study. Perhaps it may be due to different species of mouse used and different antibiotic types between the studies. In addition, the mechanism of lymphocyte subsets variation due to changes in intestinal flora is not clarified only by the results of this study. However, the cytokine expression involved in lymphocyte stimulation, including B cell, in the lymph organ (MLN and PP) was changed by the alteration of the intestinal flora composition in this study (Fig. 3) . T cells play an important role in immune responses and contribute to inflammatory and allergic diseases [12, 18] . Here, we investigated the response ability of T cells using Con A-stimulated splenocytes from both groups of mice. Interestingly, mice in the antibiotic-treated group showed downregulation of cytokine genes. In particular, IFN-γ, IL-6 and IL-13 transcript levels were significantly reduced. It has been reported that the proportion of Fumicutes and Bacteroidetes in the intestinal bacterial flora is related to inflammatory diseases and allergic diseases. In patients with inflammatory bowel disease and colorectal cancer, a decrease in Firmicutes and an increase in Bactoroidetes have been reported [3] . It is known that IL-6 and IFN-γ cytokines are highly expressed in patients with inflammatory diseases, which reflects the outcome of disease progression. The data of our study may be different from phenomena occurring in the mice treated with antibiotics. However, it is suggested that such intestinal bacterial flora influences cytokine expression of lymphocytes (MLN and PP), and the composition of intestinal bacteria may have some relation to immune system.
In milk allergy patients, it is reported that the composition ratio of intestinal Firmicutes is poor [5] . These findings and this result suggest that the composition ratio of Firmicutes and Bacteoridetes influences the immune response. In our study, the decrease in Firmicutes and the increase in Bacteroidetes confirmed in the antibiotic treatment group were accompanied by a decrease in cytokine expression in the intestinal lymphoid organs. Moreover, the decrease in the cytokine response of T cells may influence the immune response, implying that the compositional balance of the intestinal microbiota is an important factor mediating the immune response of the individual host. It is presumed that the composition ratio of Firmicutes and Bacteoridetes affect spleen cells including the intestinal immune system. Therefore, it is necessary to compare composition ratios in diseased individuals and investigate their relationship. In summary, our findings showed that changes in the intestinal microflora affected the function of immune cells. In particular, we focused on diseases other than those in the intestinal tract because we observed the influence of antibiotics on the immune response in splenocytes. These results provide important insights into studies on the relationship between intestinal bacterial flora and immunoreactions in mice. However, we did not clarify whether these changes were associated with immune responses related to disease; therefore, further studies are needed to investigate the impact of antibiotics on inflammatory diseases.
